Objective: To evaluate the impact of a pediatric emergency department (ED) chest pain clinical pathway on resource utilization.
C hest pain is a frequent childhood complaint that leads to evaluation by health care providers. [1] [2] [3] [4] Chest pain in the adult population is commonly associated with cardiac disorders and sudden death. Children with chest pain are frequently brought to the emergency department (ED) by anxious parents who associated chest pain with cardiac disease. 5 Definitively ruling out cardiac disease in children can be more challenging because most young children are not able to accurately describe or localize their pain. This may prompt further testing, leading to high resource utilization for chest pain evaluation. 3, 6, 7 Despite more testing and consultation, a cardiac etiology is found in only a small minority of cases, reported as 1% to 10% in prior studies. 2 Given the low incidence of disease, wide practice variation, and high costs associated with chest pain, there has been significant recent interest in creating practice algorithms to reduce waste for chest pain presentation at the cardiology clinic level. [8] [9] [10] We report herein our efforts to streamline patient care and minimize unnecessary testing in the Children's Hospital of Philadelphia (CHOP) ED.
Like most hospitals in the United States, CHOP now devotes substantial resources to increasing the value of care delivered, defined as quality over cost. 11 One aspect of the efforts to improve value is CHOP's emphasis on the development of clinical pathways. Members from the CHOP Divisions of Cardiology and Emergency Medicine jointly created a pathway for the assessment of children with chest pain with no prior cardiac disease, with specific goals of reducing unnecessary testing and cardiology consultation in the ED, without missing cases of severe cardiac disease.
METHODS
The CHOP Committees for the Protection of Human Subjects approved the study as a quality improvement activity and that the project did not meet criteria for human subjects' research.
Study Design, Setting, and Population
Using a quasi-experimental design, clinical data were reviewed from patients who presented March 1, 2013, through April 22, 2015, with chest pain.
The pathway was designed to focus on children aged 3 to 18 years old presenting with chest pain to the ED. The CHOP ED has an annual volume of approximately 90,000 patient visits a year. From 2012 through 2014, approximately 1700 to 2000 visits were due to pediatric chest pain, annually.
Design and Implementation of the Clinical Pathway
The creation and implementation of this pathway was a collaborative effort between cardiology and emergency medicine, with faculty, nurse practitioner, and fellow input (see Figure 1) . The stated goal of the pathway was to reduce unnecessary diagnostic testing, cardiology consultation, and reduce ED length of stay (LOS).
After a literature search on the epidemiology, diagnostic workup and management of pediatric chest pain were performed, a preliminary pathway was drafted in June 2013 by the cardiology fellows and then was modified with the help of the cardiology consult team and ED. The pathway was designed to aid a frontline provider in the evaluation of a pediatric patient presenting with chest pain who had no prior cardiac diagnosis. Guidelines for the interpretation of a pediatric electrocardiogram were drafted and approved by the section of pediatric electrophysiology. In addition to making recommendations for specific diagnostic testing (basic metabolic panel, troponins, chest x-ray) when prompted by historical and physical exam findings, recommendations were made for follow-up with the primary care provider or pediatric cardiologist where indicated. An electronic history and physical examination template was created for the evaluation of children with chest pain prompting physicians to check for specific signs and symptoms and document cardiology consultation. A mechanism for follow-up was instituted in computerized order entry system if the ED provider felt cardiology follow up was warranted. Discharge instructions for patients discharged from the ED were also drafted, including instructions for families should symptoms persist or require further workup and evaluation. Instructions on exercise restriction were also provided at the discretion of the ED until evaluated by a pediatric cardiologist. The most recent iteration of the pathway can be found in Supplemental Digital Content 1 (http://links.lww.com/PEC/A115).
An electronic order set was created for the evaluation of patients to streamline orders, maximize use of the pathway, and augment later tracking of orders for QI research purposes.
The pathway was implemented on March 1, 2014, with several weeks of intensive education efforts aimed at ED and cardiology faculty, as well as ED and pediatric housestaff and nurse practitioners. The pathway was presented at a division meeting for the department approximately 2 months before implementation. Visiting residents and faculty received an orientation to the CHOP ED including educational sessions on the electronic medical record, order sets, and clinical pathways.
Patient Identification for Pathway Eligibility
Patients who met criteria for the pathway and presented to the CHOP ED between March 1, 2013, and April 22, 2015, were extracted from the CHOP Data Warehouse. To identify patients who were seen for chest pain, 2 data sources were used: the chief complaint that was collected upon entry to the ED and the visit reason as recorded during the encounter. If either of the mentioned fields had the words "chest" and "pain" in them, in any order, they were flagged for inclusion.
Patients were flagged for exclusion if they had a known alternative etiology for chest pain, such as sickle cell disease, gastroesophageal reflux or asthma, before the ED encounter. Patients who also had a known cardiac diagnosis or diagnosis that is known to have a high likelihood of presenting with chest pain (ie Marfan syndrome) were also excluded using this methodology using a list of International Classification of Diseases (ICD)-9 codes (see Supplemental Digital Content 2, http://links.lww. com/PEC/A116.). Data used to determine exclusion was taken from active diagnoses documented in the electronic health record (EHR) during a prior visit or from medical history noted during the ED encounter.
Search Validation and Chart Abstraction
Two cardiology fellows independently reviewed 20 charts prepathway implementation and 20 charts postpathway implementation. This was to ensure the search strategy was valid and to assess inter-rater reliability for specific information that was not readily apparent in the provider note during a patient's encounter in the ED. The fellows assessed for the presence of the following variables:
( After independent review, there was complete agreement for all the data stated above (κ = 1.0). The same 2 fellows then proceeded with full data collection, abstracting the above data from all patients included in the study. Study data were uploaded and managed using Research Electronic Data Capture, 12 a secure Web-based application designed to support data capture for research studies, hosted internally at CHOP.
The details of each cardiology consultation and patient follow-up were only available through October 14, 2014. Data on diagnostic testing, diagnoses, disposition, and ED LOS were obtained through April 22, 2015. 
Statistical Analysis
monitor resource utilization over time. For each diagnostic test or resource used by month during the study period, the percent of patients undergoing a specific test was calculated.
RESULTS
A total of 3904 patient visits for chest pain occurred between March 1, 2013, and April 22, 2015, using the search strategy described. Using our inclusion and exclusion criteria, 1690 patients met inclusion for the clinical pathway and after review of all those ED encounters and documentation, 1687 were found to be appropriately captured by the search algorithm. The majority of patients were discharged from the ED with 111 patients being admitted to the hospital over the study period. Demographics and admissions rates of the patient cohort are described in Table 1 . Prepathway and postpathway implementation analysis revealed there was no significant difference in patient sex or age, with just over half the patients being female and between the ages of 12 and 18 years.
The rates and proportions of diagnostic tests prepathway and postpathway implementation were visualized using run charts and compared statistically by χ 2 testing. There were no significant changes in the proportions of diagnostic tests ordered with the exception of chest x-rays (Table 2 and Figure 2) . Chest x-ray use declined from 46.1% of pathway-eligible patients to 35.6% (P < 0.01). There was no significant change in requests for cardiology consultation in the ED (cardiology involved in 14.7% of cases prepathway, and 17.0% postpathway (P = 0.28, Table 3 and Figure 2) .
The majority of patients who came to the ED were not found to have a clear etiology for their chest pain as evidenced by the final ICD-9 diagnoses on discharge. The common diagnosis codes are listed in Table 4 . A small minority of patients (11 patients) over the entire period was found to have a cardiac etiology for their chest pain. Of these patients, 4 had myocarditis/myopericarditis, 2 had pericarditis, 2 had supraventricular tachycardia, and 3 presented with premature ventricular contractions (one was after blunt chest trauma from a motor vehicle accident). Five of the 11 patients with cardiac disease presented postpathway implementation and were all identified by the pathway.
With regard to the level of cardiology consultation (phone call, bedside fellow, or attending consultation) in the ED for this patient population, there was no significant change for the first 6 months after implementation of the pathway, by χ 2 analysis (P = 0.48). For the entire study period, the LOS in the ED reduced from 3.3 prepathway to 3.08 hours postpathway and reached statistic significance by Wilcoxon rank-sum test (P = 0.03).
Patient follow-up increased after pathway implementation from 15% to 30% (P < 0.001). Follow-up was considered to have taken place if the patient saw their primary care provider or a pediatric cardiologist within the CHOP health care system. In the follow-up of 102 patients prepathway and 137 patients postpathway, with follow-up range of 4 weeks to 2 years, no significant cardiac etiologies of chest pain were missed.
DISCUSSION
Our study suggests that resource utilization in a pediatric ED can be influenced by the creation of a clinical pathway for chest pain. After pathway implementation, there was a statistically significant reduction in chest x-rays ordered. Other tests were noted to decrease but were not found to be statistically significant. There was an increase in ECG ordering, but this is not surprising because it is the first recommended diagnostic test recommended in the pathway when trying to screen for cardiac pathology. There was also less dramatic variation in the proportion of troponins ordered in the ED over time since pathway implementation. Most importantly, no cases of cardiac disease were missed with implementation of the pathway, and there was an increase in followup after the ED visit for the patients followed in the CHOP system. Finally, there was a reduction in ED LOS that was statistically significant; however, this may not be clinically relevant for the individual patient for decrease in LOS from 3.3 to 3.08 hours in the ED.
One possible explanation for the minimal change in resource utilization was that the providers in the ED were low utilizers of resources from the onset. Looking at the common discharge diagnoses of patients who presented to the ED (Table 4) , the majority of diagnoses were idiopathic ("Unspecified Chest Pain"), musculoskeletal (Tietze disease), gastroesophageal reflux or asthma. Those who were diagnosed with asthma were new diagnoses presenting with a first time exacerbation. This reflects what has been found in previous studies and reviews of pediatric chest pain. 2, 3, 13, 14 Low resource utilization may reflect a sophisticated level of understanding of the likely diagnosis for chest pain amongst our ED providers. There were a low proportion of echocardiograms ordered and no change with pathway implementation. In our institution, only those within the division of cardiology can order an echocardiogram. The low incidence of echocardiograms is a reflection of the low incidence However, the possibility of a failure of pathway implementation also exists. 15 There were minimal barriers to feasibility and there were low implementation costs. Educational efforts were sound, and the pathway was well received. Analyzing use of the EHR order set, as well as post hoc chart review, could theoretically ascertain pathway use. The EHR order set was used infrequently, however, due to the pathway's relative simplicity with only 5% of patients receiving orders in this manner. A post hoc chart review was performed and twenty patients were randomly chosen prepathway and postpathway and the adherence to the clinical pathway was evaluated based on the documentation of the clinical note in the ED at the time of chest pain evaluation. The fidelity to the clinical pathway had increased from 65% to 95%, implying successful implementation and acceptance of the pathway by the ED. Postimplementation chart review was notable for marked increase in documentation of more information relative to the clinical pathway, and this improved documentation could potentially be ascribed to the pathway or surrounding educational efforts.
Relying on the veracity of the medical record, we only had follow-up for patients followed in the CHOP system. Follow-up after the initial ED encounter increased from 15% to 30% from prepathway to postpathway implementation among the 20% of patients for whom follow-up data is available. A large majority of patients in both time periods did not have any documented follow up for chest pain leading us to conclude that patients' chest pain either resolved or follow up was performed outside the CHOP system. No patients discharged from the ED are known to have died from a cardiac cause. To elaborate further on limitation of the medical record, there is also the possibility that patients' care may have been discussed with cardiology but was not documented in the ED encounter but we feel these incidences would be rare considering the prompt included in the history and physical template.
Our study is the first quality improvement intervention aimed at reducing resource utilization (diagnostic tests and cardiology consultations) for chest pain in the ED of an academic tertiary care children's hospital. Although there have been studies focused on intervention in the outpatient setting, 4, [8] [9] [10] 16 our intervention is unique in focus in the ED. Furthermore, it does not routinely recommend diagnostic testing on all pediatric patients with a complaint of chest pain in the ED setting.
Our study does have several limitations. Many hospitals do not have an in house pediatric cardiology fellow or a dedicated cardiology consult service, and therefore our results cannot be generalized to all children's hospitals or EDs. It has been difficult to ascertain the penetrance of our educational efforts and fidelity to the use of the pathway. Lastly, because of the geographically diverse population, follow-up within our system is relatively low and there is a possibility of missed pathology.
Overall, there was a low incidence of cardiac disease, and to our knowledge, no undiagnosed cardiac or life-threatening diagnoses. We believe this has led to general acceptance of the pathway in the ED and therefore there is opportunity to further improve upon the pathway. As is the case for most pediatric conditions, efforts at improving quality of care will require ongoing measurement and modifications to our existing practice. 17 Further directions of study include modifications of the clinical pathway to reduce the frequency of unnecessary cardiology consultation and outpatient follow up. These changes will incorporate feedback from the evaluation of pathway acceptance amongst ED and Cardiology faculty as well as frontline providers.
